It has been known for many years (Jacobsthal, 1910, Guggenheimer, 1911 Coca and L'Esperance, 1913, etc.) that the sensitivity of the Wassermann reaction is greater if the first phase, the incubation of syphilitic serum, complement, and antigen, is carried out in the cold.
In addition, there is the fact pointed out by Kolmer (1920) that the anticomplementary action of the antigen increases with time, facilitating by just so much the production of a positive Wassermann. Thus, by the technique used in this laboratory, the margin of safety is such that approximately 80 per cent of the complement used must be destroyed in order to give a completely positive reaction (no visible hemolysis). In ½ hour at 37°C., antigen alone as used in the test causes no measurable destruction of complement: all 80 per cent must be actually fixed by the antigen-reagin interaction in order to give a positive test. On the other hand, in 16 to 24 hours at 8°C., antigen alone may destroy as much as 30 per cent of the complement used: only 50 per cent need be fixed by the specific reaction with syphilitic serum (Fig. 2) . In the third place, complement decomposes spontaneously. The degree of this non-specific degeneration depends (1) upon the duration of the ice box incubation, and (2) upon the quality of the complement. It is clear that, like the destruction by antigen, this spontaneous change facilitates the production of a positive Wassermann (Fig. 2) . Indeed, particularly poor complement may deteriorate so rapidly that in the overnight ice box test, every reaction appears to be positive, even though there has been no specific complement fixation i.e., even though the serum is negative.
Although these three factors are the most important, particularly in the 16 to 18 hour ice box fixation as recommended by Kolmer, they are quite inadequate to explain all of the cases in which the results by the two methods differ. One repeatedly encounters sera which are negative by water bath fixation (37°C.) no matter how long they are incubated; but which are clear cut positives after 4, 3, or even 2 hours at 8°C.
These are due to a fourth hitherto unsuspected factor which is also the cause of the so called zone phenomenon in complement fixation. It is described in the following section. 
Inhibiting Effect of Serum upon Fixation
If a very strongly positive serum is titrated for its reagin content by water bath (½ hour at 37°C.) and ice box (3 hours) fixation, one obtains the results indicated in Table I . The sensitivity of the two methods is approximately the same, using these time intervals (Protocol 2, Table I ).
Protocol 2
Two sets of tubes were set up as outlined in the heading to Table I . One was incubated at 37 ° for ½ hour, the other at 8 ° for 3 hours, followed by ¼ hour at 37 °.
Sensitized cells were then added, the time for complete hemolysis noted, and the per cent of fixation determined by a method described elsewhere (Eagle, 1930, a) . By the technique used, 80 per cent fixation corresponds to a routine 4 + , 65 per cent to a 1 + , and 65 to 80 per cent to intermediate degrees of hemolysis, i.e., 2 to 3 + fixation. If a similar titration is carried o u t on the same serum using negative inactivated serum as the diluent instead of N a C I N/7 one obtains the startlingly different results outlined in Table I I . T h e maximal dilution of serum which will give a positive reaction is no longer 1 : 64, b u t 1 : 7 b y ice box, a n d 1 : 3 b y water b a t h fixation; the presence of normal serum has depressed the sensitivity to about 10 per cent of its original value. If this inhibiting effect of serum upon fixation is studied quantitatively at 8°C. and 37°C., one obtains the results summarized in Fig. 3 (Protocol 3) .
Protocol 3
The reagin content of a very strongly positive serum, i.e., the dilution in which it was still positive, was determined at both 8°C. The greater sensitivity of the ice box Wassermann is in part due to the fact that this inhibition due to the presence of serum is less marked at lower temperatures (Fig. 3) . Even at the lower temperature, however, the inhibition is still sufficiently pronounced to make the test with 0.2 cc. of whole positive serum oflly slightly more sensitive than that with 0.1 or even 0.05 cc. of the same serum (cf. e.g., 1:5 dilution, but, paradoxically, appear completely negative when more serum is used. The phenomenon, illustrated in Fig. 4 , is often erroneously interpreted as due to native arnboceptor. It has also been mistermed "complement deviation," with which it has nothing in common. The true Neisser-Wechsberg phenomenon of complement fixation is an unexplained inhibition of hemo]ysis, due to excess amboceptor: the zone under discussion is an inhibition of complement fixation due to excess serum, and is manifested by increased hemolysis.
Protocol 4
Two identical series of tubes were set up, each containing complement, antigen, and increasing quantities of a weakly positive serum. One series was incubated at 37°C. for ½ hour, the other at 6°C. for 4 hours, followed by the 37°C. incubation. Degrees of complement fixation were then determined by adding sensitized cells. As is seen in Fig. 4 , the inhibition by the larger quantities of serum at 37°C. is sufficient to make the serum appear completely negative, while in the ice box the inhibition is not nearly so pronounced. 
Cause of Inhibition of Fixation by Serum (Zone Pkenomenon)
The cause of this inhibition by serum is of theoretical importance only.
It has already been shown (Eagle, 1930, b) that complement fixation in the Wassermann reaction involves two distinct and consecutive reactions, (1) the combination of antigen with syphilitic reagin, which is deposited as a film of denatured protein around the colloidally dispersed lipoid particles of the antigen dilution, and (2) the adsorption of complement by this fi)ro of denatured reagin-globulin. As shown in the following experiment, the effect of serum is upon the second of these two reactions.
Antigen and syphilitic serum were allowed to react for 1 hour at 37°C. Varying quantities of negative serum and complement were then added and the degree of fixation determined after ½ hour at 37°C. If excess serum acts to prevent the union of reagin and antigen, the added negative serum should have been ineffective; but if it prevents the adsorption of complement by the formed antigen-reagin complex, it should inhibit fixation as strongly as if all the reagents had been added simultaneously. As shown by Table III, the latter is the case.
SEROLOGY OF SYPHILIS. V
Exactly the same result is obtained using any kind of antigenantibody complex (sensitized bacteria or red cells; foreign proteinantiprotein precipitate).
The most probable explanation of this phenomenon is therefore that normal serum protein is adsorbed by the lipoid particles after they have combined with reagin, forming a protective film which prevents the adsorption (fixation) of complement.
SUMMARY AND DISCUSSION Serum, in concentrations greater than 1:25, causes a marked inhibition of complement fixation in general and of the Wassermann reaction in particular. The serum protein is probably adsorbed by the colloidally dispersed lipoid-reagin complexes, forming a protective film which prevents the fixation (adsorption) of complement. This inhibition explains the zone phenomenon in complement fixation: a weakly positive serum may give a completely positive reaction in e.g., 1 : 5 dilution, and yet, because of this serum inhibition, may appear completely negative when tested as whole serum.
The greater sensitivity of the ice box test is due (1) to the fact that the serum inhibition just described is less marked at lower temperature; (2) to the prolonged incubation time, making for greater specific fixation; (3) to a more marked non-specific destruction of complement by antigen; and (4) a spontaneous deterioration in the longer ice box test.
Because of the inhibition by serum protein in high concentration, a quantitative Wassermann technique involving the use of graded quantifies of serum is worthless when carried out at 37°C. Even the ice box test, which is less susceptible to this inhibiting effect, will yield a positive reaction with whole serum only when the circulating reagin exceeds a surprisingly high threshold (six to ten times the quantity which could be detected in dilute serum). It is well known that a negative Wassermann, even by a very sensitive test, does not exclude syphilis: it now appears that a negative Wassermann does not exclude circulating reagin.
